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CORDLESS TELEPHONE WITH DIGITAL 
FREQUENCY ADJUSTMENT 

BACKGROUND OF THE INVENTION 

This invention relates to synthesizer circuitry having a 
variable output frequency. 

Synthesizer circuits are Widely used in applications in 
telecommunications and other ?elds. A typical synthesizer 
contains a phase-locked loop that generates an output fre 
quency that is an integral multiple of a reference frequency 
provided to the synthesizer by an resonator circuit. The 
output signal from such synthesizers may be used in Wireless 
transmitter and receiver circuits. 

Many synthesizer circuit arrangements are tunable. 
Typically, adjustments to the output frequency of the syn 
thesizer must be made manually, by adjusting a mechanical 
variable capacitor in the resonator circuit that is used to 
provide the reference frequency to the synthesizer. HoWever, 
such mechanically adjusted arrangements are susceptible to 
drift. 

It is therefore an object of the present invention to provide 
a frequency-tunable synthesizer circuit that may be adjusted 
non-mechanically. 

It is a further object of the present invention to provide a 
synthesizer circuit for a cordless telephone that may be 
adjusted so that its output frequency matches the frequency 
of another synthesizer. 

SUMMARY OF THE INVENTION 

These and other objects of the invention are accomplished 
in accordance With the principles of the present invention by 
providing a tunable synthesizer circuit. The synthesizer 
circuit may contain a phase-locked loop circuit or other such 
arrangement for generating an output signal based on a 
reference frequency input signal. Such a circuit may provide 
an output signal that is an integral multiple of the reference 
frequency. 

The reference frequency may be provided by an resonator 
circuit based on an oscillating crystal arrangement. A volt 
age variable capacitor in the synthesizer is coupled to the 
resonator circuit so that the reference frequency provided by 
the resonatro circuit may be modi?ed by changing the 
capacitance of the voltage variable capacitor. The voltage 
variable capacitor may be controlled by an analog control 
voltage that is provided by a digital-to-analog converter in 
the synthesizer. The digital-to-analog converter generates 
the analog control voltage at its output in response to binary 
voltage control data provided at its input. The digital-to 
analog converter may be based on a R-2R resistor netWork 
or may use any other suitable digital-to-analog converter 
arrangement. 

The voltage control data provided to the digital-to-analog 
converter may be provided by a control unit. The control unit 
may be used during manufacturing to adjust the voltage 
control data in the digital-to-analog converter While deter 
mining Whether the frequency of the output signal from the 
synthesizer matches a predetermined objective frequency. 
When the frequency of the synthesizer has been adjusted to 
match the predetermined frequency, the binary value of the 
voltage control data that Was used to the control unit to 
obtain that match may be stored in nonvolatile memory. Any 
suitable type of memory may be used, such as electrically 
erasable programmable read-only memory. 

The control unit may also be used to determine Whether 
the frequency of the output of the synthesizer matches the 
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2 
frequency of the output of another synthesizer. This 
approach may be used to recalibrate the handset and cradle 
of a cordless telephone in the ?eld. 
The foregoing is only illustrative of certain aspects of the 

invention, and further features of the invention, its nature 
and various advantages Will be more apparent from the 
accompanying draWings and the folloWing detailed descrip 
tion of the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a conventional synthesizer arrange 
ment. 

FIG. 2 is a diagram of a synthesizer arrangement in 
accordance With the present invention. 

FIG. 3 is a diagram of a cordless telephone handset and 
cradle in Which the synthesizer arrangement of FIG. 2 may 
be used in accordance With the present invention. 

FIG. 4 is a How chart shoWing steps involved in setting the 
frequency of the handset or cradle of FIG. 3 in accordance 
With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A conventional synthesizer arrangement 10 for telecom 
munications applications is shoWn in FIG. 1. Synthesizer 12 
converts a reference frequency signal provided by resonator 
circuit 14 and gain stage 24 at node 22 to a typically 
higher-frequency output signal at output 20 using a phase 
locked loop circuit 23 that is connected to node 22. The 
output signal frequency at output 20 is generally an integral 
multiple of the reference frequency at node 22. Resonator 
circuit 14 contains resistor 25, crystal 26, capacitor 28, and 
variable capacitor 30. Variable capacitor 30 can be mechani 
cally tuned by hand or by machine to adjust the frequency 
of the signal that is provided at node 22. This in turn varies 
the output frequency provided by synthesizer 12 at output 
20. Registers 21 may be used to store con?guration data for 
various components of synthesizer 12. 

Synthesizer arrangements such as synthesizer arrange 
ment 10 are typically used by receiver/transmitter circuitry 
in the handsets and cradles of cordless telephones. Adjusting 
the frequency of the handset to match the frequency of the 
cradle is important to ensure a high-quality communications 
link betWeen these tWo components. HoWever, because the 
frequency of the signal at output 20 is adjusted by mechani 
cally adjusting capacitor 30, the frequency setting is sus 
ceptible to mechanical drift. 

In accordance With the present invention, a synthesizer 
arrangement is provided in Which the frequency of the 
output signal may be controlled digitally. In the synthesizer 
arrangement 32 that is shoWn in FIG. 2, the output of 
resonator circuit 34 is provided to synthesizer 36 as a 
reference frequency using gain stage 35 of synthesizer 36. 
Resonator circuit 34 uses resistor 42, crystal 44, and capaci 
tors 46 and 48 to generate the reference frequency signal. 
The capacitance of capacitor 48 is comparable to capacitor 
28 of resonator circuit 14 of FIG. 1. Capacitor 46 has a 
capacitance that is someWhat less than the capacitance of 
capacitor 30 of FIG. 1. 

Voltage variable capacitor 50 interacts With resonator 
circuitry 34 so that the reference frequency signal of the 
signal provided to synthesizer 36 at node 60 can be voltage 
tuned. The capacitance of voltage-variable capacitor 50 is 
determined by a control voltage supplied to capacitor 50 
from digital-to-analog converter 52 via resistor 54 of path 
55. 
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Digital-to-analog converter 52 may be based on an R-2R 
network as shown in FIG. 2 or may use any other suitable 
type of digital-to-analog converter circuit such as a con 
verter circuit based on a pulse Width modulator, etc. The 
R-2R netWork arrangement of digital-to-analog converter 52 
converts digital data provided to shift register 56 via data 
input path 58 to an analog voltage on path 55 by passive 
resistive superposition. The magnitude of the control voltage 
supplied to voltage variable capacitor 50 and therefore the 
frequency of the signal provided at node 60 can be adjusted 
by providing different digital voltage control signals to shift 
register 56. Synthesizer 36 preferably contains phase-locked 
loop circuitry 37 or other such suitable circuitry for gener 
ating a generally higher-frequency output signal at synthe 
sizer output 62 based on the reference frequency signal 
provided at node 60 by oscillator circuit 34. The frequency 
of the signal at output 62 may be an integral multiple of the 
reference frequency at node 60. 
A control unit such as control unit 64 may be used to 

supply the voltage control data to shift register 56 that is 
used to con?gure synthesizer arrangement 32 so that an 
output signal of the desired frequency is provided at output 
62. Control unit 64 may adjust the voltage control data 
supplied to shift register 56 to adjust the output frequency of 
the signal at output 62 either during manufacturing testing of 
synthesizer arrangement 32 or during adjustments to syn 
thesizer arrangement 32 after installation in equipment in the 
?eld. The frequency of the signal at the output 62 may be 
adjusted by adjusting the binary value of the voltage control 
data up and doWn in any suitable fashion until the desired 
output frequency is obtained. 

Adjusting the output frequency in this Way during manu 
facturing alloWs the manufacturer to calibrate the frequency 
of synthesizer 36 by comparing the signal at output 62 to a 
predetermined frequency supplied to input 66 and by storing 
the corresponding binary value of the voltage control data in 
a memory such as memory 68. Memory 68 is preferably a 
nonvolatile memory such as an electrically-erasable pro 
grammable read-only memory (EEPROM), but may be any 
suitable type of memory if desired. When synthesizer 
arrangement 32 is used in the ?eld, the appropriate value of 
the voltage control data may be retrieved from memory 68 
and provided to shift register 56. 

Adjusting the frequency of synthesizer 36 during use of 
synthesizer arrangement 32 in the ?eld alloWs the frequency 
of synthesizer 36 to be calibrated to match the frequency of 
another signal. The ability to match the frequency of syn 
thesizer 36 to another frequency during use in the ?eld 
makes it possible to minimize the effects of frequency drift 
by recalibrating the synthesizers as needed. 

For example, a synthesizer such as synthesizer 36 may be 
used in a cordless telephone arrangement, as shoWn in FIG. 
3. Synthesizer 68 may be used in handset 70 to generate a 
radio-frequency signal (e.g., a signal of nominally about 900 
MHZ) for receiver/transmitter 72. Synthesizer 74 may be 
used to provide a corresponding radio-frequency signal for 
receiver/transmitter 76 of cradle 78. Handset 70 and cradle 
78 communicate Wirelessly via antennas 80 and 82. 

Periodically (e.g., during off-hook time just after the 
handset has left the cradle so that the handset and cradle are 
in temperature equilibrium), control unit 84 in handset 70 
determines Whether there is a discrepancy betWeen the 
frequency of the signal generated locally by synthesizer 68 
and the frequency of the signal received from cradle 78 via 
receiver/transmitter 72. If such an error in frequency is 
detected, the frequency of handset 70 may be adjusted by 
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control unit 84 until it matches the frequency of the signal 
from cradle 78. Once the frequency of handset 70 has been 
adjusted, the binary value of the voltage control data sup 
plied to the shift register in synthesizer 70 may be stored in 
memory 86. 

Additionally (or alternatively), control unit 88 in cradle 
78 may periodically determine Whether there is a discrep 
ancy betWeen the frequency of the signal generated locally 
by synthesizer 74 and the frequency of the signal received 
from handset 70 via receiver/transmitter 76. If a frequency 
error is detected, the frequency of synthesizer 74 of cradle 
78 may be adjusted by control unit 88 until it matches the 
frequency of the signal from handset 70. Once the frequency 
of cradle 78 has been adjusted, the binary value of the 
voltage control data supplied to the shift register in synthe 
sizer 74 may be stored in memory 90. 

Steps involved in adjusting the frequency of a synthesizer 
such as synthesizer 36 of FIG. 2 to match the frequency of 
another synthesizer are shoWn in FIG. 4. At step 92, control 
unit 64 determines Whether the output frequency of synthe 
sizer 36 that is provided at output 62 differs from the 
frequency of the signal received at input 66. At step 94, 
control unit 64 adjusts the binary value of the voltage control 
data provided to shift registers 56 of digital-to-analog con 
verter 52 until the output frequency of synthesizer 36 is 
substantially the same as the frequency of the signal 
received at input 66. The binary value of the voltage control 
data that Was successful in matching the frequency at output 
62 to the frequency of input 66 is then stored in memory 68 
at step 96. 

It Will be understood that the foregoing is only illustrative 
of the principles of the invention, and that various modi? 
cations can be made by those skilled in the art Without 
departing from the scope and spirit of the invention. 
The invention claimed is: 
1. A cordless telephone having a handset and a cradle, 

Wherein the handset transmits signals to the telephone cradle 
and receives signals from the telephone cradle, the cradle 
operating at a given frequency, the cordless telephone com 
prising: 

a handset receiver/transmitter located in the handset; 
a resonator circuit located in the handset for supplying a 

reference frequency; 
a handset synthesizer located in the handset for providing 

an output signal for the receiver/transmitter having a 
frequency based on the reference frequency; 

a digital-to-analog converter in the handset synthesizer 
that receives digital voltage control data and that pro 
vides a corresponding analog voltage control signal; 

a voltage variable capacitor that is located in the handset 
synthesizer and that is coupled to the resonator circuit, 
the voltage variable capacitor having a capacitance that 
is controlled by the analog voltage control signal to 
adjust the reference frequency and the frequency of the 
output signal that is based on the reference frequency 
until the frequency of the output signal matches the 
given frequency of the cradle; and 

memory located in the handset in Which the digital 
voltage control data is stored once the frequency of the 
output signal has been adjusted to match the given 
frequency of the cradle. 

2. The cordless telephone de?ned in claim 1 further 
comprising a control unit located in the handset for deter 
mining Whether the frequency of the output signal matches 
the given frequency Whenever the handset is separated from 
the cradle after achieving temperature equilibrium, the con 
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trol unit thereafter adjusting the digital voltage control data 
until the frequency of the output signal matches the given 
frequency of the cradle. 

33. The cordless telephone de?ned in claim 1 Wherein the 
memory comprises electrically-erasable programmable 
read-only memory. 

4. The cordless telephone de?ned in claim 1 Wherein the 
resonator circuit contains a crystal. 

5. The cordless telephone de?ned in claim 1 Wherein the 
digital-to-analog converter contains an R-ZR netWork. 

6. The cordless telephone de?ned in claim 1 further 
comprising a phase-locked loop circuit for generating the 
output signal based on the reference frequency. 

7. The cordless telephone de?ned in claim 1 Wherein the 
digital-to-analog converter contains a shift register into 
Which the digital voltage control data is loaded. 

8. The cordless telephone de?ned in claim 1 further 
comprising means for comparing the frequency of the output 
signal to a predetermined frequency during manufacturing 
testing. 

9. The cordless telephone de?ned in claim 1 further 
comprising means for comparing the frequency of the output 
signal to the given frequency of the cradle the ?eld. 

10. A cordless telephone having a handset and a cradle, 
Wherein the cradle transmits signals to the telephone handset 
and receives signals from the telephone handset, the handset 
operating at a given frequency, the cordless telephone com 
prising: 

a cradle receiver/transmitter located in the cradle; 
a resonator circuit located in the cradle for supplying a 

reference frequency; 
a cradle synthesiZer located in the cradle for providing an 

output signal for the receiver/transmitter having a fre 
quency based on the reference frequency; 

a digital-to-analog converter in the cradle synthesiZer that 
receives digital voltage control data and that provides a 
corresponding analog voltage control signal; 

a voltage variable capacitor that is located in the cradle 
synthesiZer and that is coupled to the resonator circuit, 
the voltage variable capacitor having a capacitance that 
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is controlled by the analog voltage control signal to 
adjust the reference frequency and the frequency of the 
output signal that is based on the reference frequency 
until the frequency of the output signal matches the 
given frequency of the handset; and 

memory located in the cradle in Which the digital voltage 
control data is stored once the frequency of the output 
signal has been adjusted to match the given frequency 
of the handset. 

11. The cordless telephone de?ned in claim 10 further 
comprising a control unit located in the cradle for determin 
ing Whether the frequency of the cradle output signal 
matches the given frequency Whenever the handset is sepa 
rated from the cradle after achieving temperature 
equilibrium, the control unit thereafter adjusting the digital 
voltage control data until the frequency of the output signal 
matches the given frequency of the handset. 

12. The cordless telephone de?ned in claim 10 Wherein 
the memory comprises electrically-erasable programmable 
read-only memory. 

13. The cordless telephone de?ned in claim 10 Wherein 
the resonator circuit contains a crystal. 

14. The cordless telephone de?ned in claim 10 Wherein 
the digital-to-analog converter contains an R-ZR netWork. 

15. The cordless telephone de?ned in claim 10 further 
comprising a phase-locked loop circuit for generating the 
output signal based on the reference frequency. 

16. The cordless telephone de?ned in claim 10 Wherein 
the digital-to-analog converter contains a shift register into 
Which the digital voltage control data is loaded. 

17. The cordless telephone de?ned in claim 10 further 
comprising means for comparing the frequency of the cradle 
output signal to a predetermined frequency during manu 
facturing testing. 

18. The cordless telephone de?ned in claim 10 further 
comprising means for comparing the frequency of the cradle 
output signal to the given frequency of the handset in the 
?eld. 


